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MEDICAL LASER GUIDANCE APPARATUS 

This invention relates to a medical laser guidance 
apparatus. 

5 In recent years laser light has been used to assist in 

the treatment of a number of ailments. One particular 
application of laser light has been in the treatment of eye 
disease by the application of laser light to the retina of 
an eye. Traditionally, such treatment has involved 
10 preliminary inspection of the eye using a fundus camera, 
slit lamp or similar optical viewing device followed by 
movement of the patient to a separate location for laser 
treatment of the eye. With such treatment, the laser is 
often applied days or weeks after the initial inspection, 
15 in view of the need to develop photographs taken by the 
fundus camera and the time required to analyse such 
photographs. Furthermore, once laser treatment is started, 
a number of sessions may be required, as the treatment is 
time consuming and traumatic for the patient, due to the 
20 need to compare the retina to be treated with earlier 
photographs. This, in turn, leads to the operator and 
patient tiring, making lengthy treatment sessions difficult 
to tolerate. 

In order to overcome some of the above problems, it 
25 has been proposed to incorporate a laser treatment 
apparatus within a fundus camera. Such a system, whilst 
enabling the laser treatment of the retina to be performed 
at the same time as initial inspection, is extremely 
expensive in view of the large number of components 
required to provide a combined camera and laser application 
device. Furthermore, even with such systems it has been 
difficult to track a retina accurately throughout the 
inspection and treatment process, making the possibility of 
erroneous application of treatment light very high. 

The present invention is directed towards solving some 
of the above problems. 
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According to the present invention there is provided 
an apparatus for applying laser light to at least one 

selected location on the retina of the eye, the apparatus 

comprising: 

5 of a rltina- ina9e ° btalning ™ anS f ° r Gaining the image 

retina image display means for displaying the required 
retina image; 

reference data receiving means for receiving, from an 
10 operator, data relating to a treatment to be performed; 

template generating means for generating a reference 
template on the retina image; 

r.i .T 9 ^ POSiti ° n "living me ans for receiving data 
related to at least one target point to which light is to 
be applied based upon the received reference data- 

current retina position detecting means for acquiring 

mea'r"^ ^ ^ ^ ^ -quLtio! 

" C ° mpari ^ * *° ^e generated template and said 

reference data and outputting a signal indicating current 
retina position within said template; and 

laser light application means for directing and 
applying laser light to a retina dependent upon the output 

taraiT CUrrSnt retlna POSiti ° n detecti "* ~». and the 
target position receiving means. 

The reference data may include data relating to at 

thrretTn a referenCe ^ * " ° Perat ° r 

tne retina image. 

ii 0 h/ n ° Perat0r Can View the Portion of low level laser 
light emitted by the laepr i^ui. 

retin, fc L . ^ ^ S ° UrCe ** viewin * the 
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lamp or similar viewing apparatus; and can apply a 
treatment level of laser light to a selected point or area 



n f - . ^ m WWVA h^xiil or area 

cLen/ ! rStina bV appiication of 

coraands to the control means. 

output l ortH tiVelY : " Vide ° nay be " tached to ^e 

can be h T V1SMln9 apparatus - ■» "idee camera output 
can be dxsplayed on a video monitor for ease of viewing 
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With either arrangement points on the retina may be 
selected for laser treatment by simple operation of a 
mouse, trackball or the like with an output connected to 
the target receiving means. With such an arrangement, 
5 semi-automated control of the laser is also possible by 
providing real time or near real time image recognition 
means which receives selected point or area data from an 
operator and then tracks the retina using video data from 
a camera and outputs treatment level laser light as 
10 required. This arrangement has the advantage that it can 
compensate for movements of the retina by the patient at a 
speed and accuracy that is not within the ability of a 

human operator. 

A dif fractive optical element may be placed within the 

15 optical path of the guidance apparatus in order to produce, 
from a single primary laser beam, an array of secondary 
treatment beams, which can thus be used to speed up 
treatment over a selected area, in order to reduce 
treatment time and patient discomfort. 

20 The laser light source may be a tube laser, solid 

state laser or a diode laser, which has the advantages of 
reduced weight, size, and power consumption. The laser 
light positioning means may be a galvanometer and mirror 
arrangement, or may include acousto-optical devices. The 

25 laser light positioning means may be employed to modulate 
the light emitted by the laser light source by directing it 
away from the viewing apparatus optical path in a pulsed 
manner. Alternatively the laser light source may be 
pulsed. 

30 One example of apparatus according to the present 

invention will now be described with reference to the 
accompanying drawings, in which:- 

Fig. 1 is a schematic diagram of a known fundus 

camera ; 

3 5 Fig. 2 is a schematic diagram of a guidance apparatus 

according to the present invention; 
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Fig. 3 is a schematic block diaora™ ^ 

present invention; * e »Pl°yed in the 

Fig. 5 is a diagram of a treats* «- , 

r -~ r:;: — ~r V = 

*n xllu-inatin, i lght source /provide. .iL 

to the eye 3, which u Provides "In-mating l ight 

viewing eyepiece 4 and " re " e = te ° towards a 

retina is to be tafcen a TV' "'" " « the 

p-to^apH v ^\l^z:ti v: activatea and ■ 

provided to focus the i*„e of the r.* T^' ' iS 

by x th 2 \r ra 5 ana - r viswin9 

-ratel-i: t^^ 0 ^; ^ — 
rig. i. Corresponding " fUndUS "»«« * « 

- o Per ate rrCctr „r nr be a ~ 

retina viewing apparatus k P ° r simi ^r 

S or the fundus to the objective lens 

The ii ght directino ! * directing element 9. 

- P io and p"r a 3 , si r ULmr a circui - — 

light from a laser liahi- arranged to direct 

- fundus ca^atd oTTth" ZZTj?" ^ " 
m this example, the laser , , T * Y * 3 " 

• '"get la ser Ug^ sourc 12 a atd a""" " 
Ught source l 2b . it will Z PUlse laser 

single laser light source SPPreCi " ed . nowever. that a 
-els could "^^."TZL" Ut *™ >°~ 
laser light source aay be a He H . eXMPle ' ^ tar9 « 

y a HeNe or red diode laser, and 



BNSOOCID: <WO_9800078A1J_> 



WO 98/00078 



PCT/GB97/01752 



10 



15 



the main pulse laser light source an argon or NdYg laser. 

Light from the laser light source 12 is directed via 
a dichroic mirror 13 to a laser light positioning means 14 
which is under the control of a laser light application 
means 15, in this example a computer, and comprises two X 
Y galvo mirrors. This arrangement may be substituted by an 
acousto-optical device placed in the light path. The light 
positioning means 14 operates via prisms to position light 
from the laser light source 12 within the optical path of 
the fundus camera 1 and to control the light's position on 
the retina of the eye. An optional diffractive element 16 
is placed in the path of the light from the laser light 
source 12. The operation of this optional diffractive 
element 16 will be described later. It will be appreciated 
that many of these components could be placed within the 
camera housing if a dedicated apparatus were required. 

Light from the laser light source 12 passes, in use, 
via the light directing means 9, on to the retina of the 
eye 3 and back into the fundus camera 1 via the objective 
lens 8. The light is then passed out, via the eyepiece 4 
or a TV part (not shown) of the fundus camera 1, to a 
retina image receiving means 17, in this case a video 
camera 17. The output of the video camera 17 is, in this 
case, connected to a computer system. 

Referring to Fig. 3, the overall operation of the 
apparatus according to the invention will now be described. 
Again, components corresponding to those described with 
reference to Figs. 1 and 2 are identically numbered. In 
this example, a display means (e.g. a monitor) 18 is 
30 provided to receive outputs from the control means 15 and 
hence to display images received by the video camera 17. 
Reference data receiving means 19, 20 are provided, and may 
be components such as a keyboard 19 and/or mouse 20, a 
joystick or foot pedal. The example shown in Fig. 3 
35 provides a number of treatment options. The first option 
is complete control of the treatment by the laser light 
application means 15. With this option, laser light 
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5 



6 

application means receives n a *- a , K «. 

the reference data receipt ^ treat » ent **« 

of t h e laser light r:;;;^/:^' and controis the ~ 

below, together with the 1 mPl ° ying traCkin * discussed 
• -*» laser light * £££ ^ 14 to 

light a PP i ication roeans f th * eye 3 * The lase *" 

real time image recogni J n ST 
in combination with current retin / below ' 

15 to monitor the position of \ —s 
» source relative to featu res on 1' ^ ^ 1 « * 

- tra . the retina, ^ ^ ^ " 

-ch p^^^r^ r;— ated ~- - 

for treatment bv an ratina are elected 

-splayed on the ^ ~ "~ 

completed, the apparatus th * Sele <=tion has been 

selected points or K P " ceeas to treat the 

-vel of Ler U ^ £ - *- -uired 

tracking the eye. 9 source 12 whilst 

» :„ s ::; s r ««««^ OPtical eleMM 

diffracts a sin',. \' a t Il9ht di ««<=tive element 16 
ln T aS e ? s r a ' *"« — — « 

>e appreciate r «T , ot "" atriX - " " 1U 

produced. The provision of th ^ ^° 

•1— nt 1. enables «e "pplicat """"^ op "«l 
-Itiple points in . ^T^Z ■ °* ^ "** to 
treatment process and °. appllcatl °"' speeding up the 

- - Z see? T^^TTZ^ *° P " ie "- 
aiffractive optical element 16 ' " three -"l'- th «= 

separate p Ul ses, providin, eLt aPPliC " lon ° f '*** 
p o^ts A to H. which can c!ve r a laroT^ °* aPPliC " ip " 
3 when the diffractive optical !, ° f t "" " tlna 
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Fig. 6 shows an example of one image recognition 
process that may be used in conjunction with the apparatus 
of the present invention. This process, performed by the 
computer 15, employs the outline of the optic nerve as a 
5 reference point on the retina (although an alternative 
reference may be employed by an operator) , and searches 
through the output of the video camera 17 until a match is 
produced. The current retina position detecting means 15 
can then track the position of the retina 3 through both 
10 voluntary and involuntary eye movements by locking into and 
following the optic nerve position, or another 
topographical feature of the retinal image such as a blood 
vessel, for example. The process may be employed with the 
invention, or may be employed in any combined retina 
15 viewing device employing laser treatment and appropriate 
image capturing, processing and laser control circuitry. 
The process of this example employs a cross-correlation 
function of the type 

R £e (u,v) = £U f(x.y).t(x-u.y-v) 



20 



where an image F(F,Y) and template T(Y) , are captured 
and generated respectively. It will be appreciated that 
alternative functions may be employed. 

This function is at a maximum when a portion of image 
F which is under template T as exactly the same as T. This 
25 can then form a simple goodness-fit measure, having a range 
from 0 to 1 by computing 
R ft (u,v)/R tt (u,v). 

Where R tt is computed once, before any matching has to 



30 



be done 



The deviation of the current captured image from a 
reference image (and its corresponding template) yields a 
number in X and Y dimensions which is essentially an 
estimate of deviation. This number can then be employed to 
drive laser light deflecting means to correctly align the 
35 laser beam to a selected target. 
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" win be appreciate* that th. =o nt r T^- 
Present inventio „ can be ~*U ^ cont of th8 

or microprocessor based system F L I "f" 1 * <=°"»P«er 

Macintosh or other work station P< V P * pc < *PPle 

severe ana controa intertceT ZT, 

of the system can be r.,, ■ 1 a " S that «="»trol 

relative ly 1o „ c ,s t " U * an, at 
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9 

CIAIMS 

1. An apparatus for applying laser light to at least one 
selected location on the retina of the eye, the apparatus 
comprising: 

retina image obtaining means for obtaining the image 
of a retina; 

retina image display means for displaying the required 
retina image; 

reference data receiving means for receiving, from an 
operator, data relating to a treatment to be performed; 

template generating means for generating a reference 
template on the retina image; 

target position receiving means for receiving data 
15 related to at least one target point to which light is to 
be applied based upon the received reference data; 

current retina position detecting means for acquiring 
a current retina image from the retina image acquisition 
means and comparing it to the generated template and said 
20 reference data and outputting a signal indicating current 
retina position within said template; and 

laser light application means for directing and 
applying laser light to a retina dependent upon the output 
of the current retina position detecting means and the 
25 target position receiving means. 

2. An apparatus according to claim 1, wherein the 
reference data receiving means receives data relating to at 
least one reference point selected by an operator. 

30 

3. An apparatus according to claims 1 or 2 , wherein the 
relationship between the generated template and the current 
retina position is obtained by the current retina position 
means by employing a confidence level algorithm. 

35 



BNSDOCID <WO__9800078A1J_> 



WO 98/00078 



PCT/GB97/01752 



10 

4. 



3 



4 - An apparatus according to claim i „>, 
confidence level algorithm employs Tori's " ^ 

function. y cros s-correlation 



5 - An apparatus according to any of th» 

claims, further including a laser lilt * 

means for inhibiting laser iZZ ! ? inh ^ting 

-rent ret ina pos'tion c nit ~ " T 
template. e all 9 ne <* with the 

6 - An apparatus according to any of th« « 

claims, further including a laser , V P«oeeding 

-ns for inhibiting 1^ l^T~ ^ 

apparatus is detected. ? * *" err0r in the 

7 • An apparatus according to anv nf 

laser light source vi e„C the r V by " 

Piece o £ the vWn g l^JZ. " ^ 

a^arats IT"*" 9 " ' °* °" — in the 

g apparatus comprises a fundus camera. 

10. An apparatus according to cl a i mc n 

viewing apparatus ° r *' whe "in the 

y PPararus comprises a slit lamp. 



11. 
a 



apparatus ana the v" eo ' ° ° BtP " t <* «» 

video monitor. °— ™ ° UtPUt is « a 

12- An apparatus according to anv „, * h 

"herein points on t„. , 5- Preceding claiw, 

treatment by a user "* "* *—r 
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13. An apparatus according to claim 12, wherein the points 
are selected by means of a mouse or trackball with an 
output connected to the reference data receiving means. 

14. An apparatus according to any of the preceding claims, 
further comprising a diffractive optical element placed 
within the optical path of the laser light application 
neans, such that, from a single primary laser beam, an 
array of secondary treatment beams are produced. 

15. An apparatus according to any of the preceeding 
claims, wherein the laser light is from a tube laser. 

16. An apparatus according to any of claims 1 to 14, 
15 wherein the laser light is from a solid state laser. 

17. An apparatus according to any of claims 1 to 14, 
wherein the laser light is from a diode laser. 
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30 



18. An apparatus according to any of the preceeding 
claims, wherein the laser light application means employs 
a galvanometer and mirror arrangement. 

19. An apparatus according to any the preceeding claims, 
wherein the laser light application means includes acousto- 
optical devices. 

20. An apparatus according to any of the preceeding claims 
wherein the laser light application means is employed to 
modulate the light emitted by the laser light source by 
directing it away from the eye in a pulsed manner. 

21. An apparatus according to any of claims 1 to 8 , 
wherein the laser light source is pulsed. 
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